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FOR : MIXTURES OF B-HYDROXYALKYL AMIDES AND THEIR USE AS 

CROSS-LINKING AGENTS FOR THE PREPARATION OF POWDER 
PAINTS 

PRELIMINARY AMENDMENT 

Commissioner of Patents 
Washington, D.C. 20231 

Dear Sir: 

Applicants respectfully request that prior to examination, the above-referenced 
application be amended as follows: 

In the claims: 

Please amend claims 3-4, 7, 12, and 16-18 read as follow : 

3. (amended) The cross-linking mixture according to Claim 1, wherein said mixture 
comprises at least one compound with a p-hydroxyalkylamide functionality of 4 and at least 
one compound with a j3-hydroxyalkylamide functionaUty of 2. 

4. (amended) The cross-linking mixture according to Claim 1, which comprises [N,N,N',N'- 
/e/rafos-(2-hydroxyethyl) adipamide] of formula (I) 
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and a compound of formula (11) 

HO 

HO" 

in which R is a linear or branched C2-C10 alkyl group. 

7. (amended) A thermosetting powder paint, which comprises the mixture according to Claim 
1 as the cross-linking agent and at least one polymer having free carboxyl groups as the 
binder. 

12. (amended) A process for the preparation of the powder paint according to Claim 7, which 
comprises the following steps: 

(i) mixing the binder with the cross-linking agents, and optionally with mineral 
charges, additives and pigments, in a mixer; 

(ii) feeding the mixture obtained in step (i) into an extruder, at temperatures of 
between 80 and 140°C, with the extruder screw not heated and screw speed lower than 120 
rpm; 

(iii) grinding and sieving the product obtained from the extruder so as to obtain 
powder paint with a particle size of less than 150 |a,m, 

16. (amended) A method of use of the cross-linking mixture according to claim 1, wherein 
the cross-linking mixture is used as cross-linking agent in the preparation of thermosetting 
powder paints. 

17. (amended) A method of use of the compound of formula (II) according to claim 4, 
wherein the compound of formula (II) is used as cross-linking agent in the preparation of the 
thermosetting powder paints. 

18. (amended) A substrate coated with the powder paint according to claim 7. 
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REMARKS 



Claims 1-19 are pending in the present application. Upon entry of the present 



amendments, claims 1-19 will remain pending. Claim 12 has been amended to remove the 
word "melted". Support for the amendment is found in Example 3 of the specification: "After 
being cooled, the extrusion mass was ground and sifted..," The claims have also been 
amended to eliminate multiple dependencies. 



Marked-up copies of the amended claims, showing the changes made, are 



appended hereto. Applicants submit that no new matter is introduced by these amendments, 
and respectfially request entry thereof prior to examination on the merits. 



Mailing Address : 

MORGAN & FINNEGAN, LX.P. 

345 Park Ave. 

New York, NY 10154 

(212) 758-4800 

(212) 751-6849 (facsimile) 



Respectfully submitted, 
Morgan & Finnegan, L.L.P. 



Dated: March 27, 2002 




/ James P. Demers 
Registration No, 34,320 



683038 vl 



-3- 



09/936,461 



Docket No. 0558-4014 



Appendix to Preliminary Amendment 

Amended claims, showing changes made: 

3. (amended) The cross-linking mixture according to [Claims 1 and 2] Claim 1, wherein said 
mixture comprises at least one compound with a p-hydroxyalkylamide functionality of 4 and 
at least one compound with a p-hydroxyalkylamide functionality of 2. 

4, (amended) The cross-linking mixture according to [Claim 1 and 3] Claim 1 , which 
comprises {N,N,N\N''tetraMs-{l-]iyAroxydhy\) adipamide] of formula (I) 




and a compound of formula (II) 




in which R is a linear or branched C2-C10 alkyl group, 

7. (amended) A thermosetting powder paint, which comprises the mixture according to 
[Claims 1-6] Claim 1 as the cross-linking agent and at least one polymer having free carboxyl 
groups as the binder. 

12.(amended) A process for the preparation of the powder paint according to [Claims 7-1 1] 
Claim 7 , which comprises the following steps: 

(i) mixing the binder with the cross-linking agents, and optionally with mineral 
charges, additives and pigments, in a mixer; 

(ii) feeding the mixture obtained in step (i) into an extruder, at temperatures of 
between 80 and MC'C, with the extruder screw not heated and screw speed lower than 120 
rpm; 

(iii) grinding and sieving the [melted] product obtained from the extruder so as to 
obtain powder paint with a particle size of less than 150 ^m. 

-A2- 
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16. (amended) A method of use of the cross-linking mixture according to [Claims 1-6] claim 
h wherein the cross-linking mixture is used as cross-Hnking agent in the preparation of 
thermosetting powder paints. 

17. (amended) A method of use of the compound of formula (11) according to [Claims 4-6] 
claim4, wherein the compound of formula (II) is used as cross-linking agent in the 
preparation of the thermosetting powder paints. 

18. (amended) A substrate coated with the powder paint according to [Claims 7-11] claim 7 . 
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MIXTURES OF p-HYDROXYALKYL AMIDES AND THEIR USE AS CROSS- 
LINKING AGENTS FOR THE PREPARATION OF POWDER PAINTS 



Scope of the invention 

The present invention regards mixtures of p-hydroxyalkyi amides and their use as 
cross-linking agents in the field of powder paints. 
State of the art 

The use of f3-hydroxyalkyl amides as thermosetting agents in the field of paints is 
well known, and in particular the use of tetrafunctional p-hydroxyalkyi amides, for 
example the p-hydroxyalkyl amide of adipic acid of formula (I) given below. 
These compounds are mainly used in the preparation of polyester resin-based 
powder paints, where the resins have free carboxyl groups, a field in which p- 
hydroxyalkyi amides present remarkable and advantageous cross-iinking 
properties: the thermosetting reaction, which consists in the esterification between 
the hydroxy! groups of the p-hydroxyalkyl amide and the carboxyl groups of the 
polyester resin according to the following scheme: 




T T 




o 
II 



(i) 




in fact takes place at a lower temperature than do normal esterification reactions 
between alcohols and carboxylic acids. Thanks to the activation of the hydroxyl 
group by the amide group in position p, this reaction takes place already starting 
from 150°C, thus making possible the use of p-hydroxyalkyl amides in the 
25 technology for the manufacture of thermosetting powder paints, where the 
"baking" temperatures of the paints are usually between 140 and 220^*0. 
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Against these advantageous characteristics, p-hydroxyalky! amides, when used as 
cross-linking agents for polyester polymers with free carboxyl groups, develop 
water to the extent of approximately 4 mol/mol of cross-linking agent, and this 
causes surface flaws, such as "pinholes" and "craters" in the film of painting 
5 product. 

The reaction water that forms within the layer of paint in fact develops after the 
formation of the film, when the esterification reaction takes place. On account of 
the high temperatures involved, the water comes out in the form of vapour, tearing 
the film and creating bubbles. 

10 These surface defects appear to a larger extent, the greater the thickness of the 
film. In this connection it is known that, in the sector of powder paints, in order to 
obtain films devoid of surface flaws, it is necessary to maintain the thickness of the 
film below 100 jum by means of a rigorous control of the thicknesses applied in the 
phase of electrostatic spraying, 

15 This represents a considerable drawback, since a control of this kind is not 
always possible when shaped items are coated, on which at the pointed parts and 
edges the rise in the electric field causes larger thicknesses of paint to be 
deposited. 

To limit this phenomenon, degassing additives are generally used, which, by 
20 favouring the expulsion of gas and/or water, limit the formation of surface flaws in 
the film of paint. 

The European patent application No, EP-A-322 834 (PPG Ind. Inc.), for example, 
describes a thermosetting-powder painting composition, based on amorphous 
polyester resins having free carboxyl groups, which contains tetrafunctionat p- 
25 hydroxyalkyl amides as cross-linking agents. 

After they have been applied on metal substrates, these powder paints are 
subjected to thermosetting by means of heating in an oven at a temperature of 
between 150 and 20Q°C. 

To remove the air that remains entrapped in the film following on the fusion of the 
30 powder paint during the thermosetting process, a degassing agent is added, in 
particular benzoin. 
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The composition described in EP-A-322 834 in any case does not appear to be 
suited for the preparation of white paints, light-coloured paints or transparent 
paints, in that, when undergoing thermosetting, it presents a certain degree of 
darkening, which increases as the quantity of benzoin added, the temperature, 
5 and the stoving time increase. 

According to EP-A-322 834, the quantity of benzoin required for guaranteeing a 
good degassing effect ranges between 0,6 and 0.8%, and this causes a marked 
yellowing of the paint during the "baking" phase. 

With lower quantities of benzoin, on the other hand, the critical thickness of the 

10 film, i.e., the maximum thickness obtainable without the presence of any surface 
defects, decreases considerably: a reduction in the quantity of benzoin to 0.2% in 
order to guarantee a low degree of yellowing of the paint causes the appearance 
of surface flaws already in a film having a thickness of 80-90 ^im. 
These attempts thus highlight the impossibility of obtaining a film having a 

15 thickness >100 jam free from surface flaws starting from polyester resin-based 
compositions, where the resins have free carboxyt groups, comprising p- 
hydroxyalkyl amides as cross-linking agents, unless degassing additives are 
added, with consequent increase in the cost and complexity of the preparation 
process, and also with a consequent worsening, as has already been said, of the 

20 optical properties of the paint obtained. 

The use of tetrafu notional p-hydroxyalkyi amides alone as cross-linking agents of 
polyester resins having free carboxyl groups presents another problem, linked to 
the great difference of polarity between cross-linking agent and polyester resin, 
which renders difficult the homogenizatlon between the two compounds during 

25 preparation of the powder paint. 

Since a poor homogenizatlon of the two compounds then results in lower 
mechanical and aesthetic characteristics of the end product (the surface of the film 
that has hardened may, for example, be unevenly spread and be affected by the 
so-called "orange peel" phenomenon), it is necessary to carry out mixing by 

30 melting in an extruder in drastic operating conditions, i.e., at high temperatures 
and high speeds of the extruder screw, and at times to resort to double extrusion. 
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An attempt to overcome these drawbacks has been made by DSM NV, which, in 
the European patent application No. EP-A-652 911, describes the use of A/,A/-(2- 
hydroxyethyl)acetamide in combination with a tetrafunctional p-hydroxyalkyl amide 
as cross-linking agent. Albeit presenting a certain effectiveness in favouring 

5 degassing during the cross-linking phase, this compound is very soluble in water 
and at the temperature of use is liquid. These characteristics render A/,A/-(2- 
hydroxyethyl)acetamide practically unusable in the field of powder paints having a 
base of carboxylated polyester resins: Its incorporation in the mixture of solids that 
make up the raw material for preparing the powder paint proves in fact particulariy 

10 problematical and, during storage of the end product, this compound tends to 
migrate as liquid component, causing sintering of the powder grains. 
The problem therefore remains open of having available polyester resin-based 
thermosetting powder paint compositions, where the resins have free cariDOxyi 
groups, containing p-hydroxyalkyl amides as thermosetting agents, which do not 

15 require the use of high quantities of degassing additives and do not present the 
disadvantages described above for the known products, at the same time 
maintaining good mechanical and aesthetic characteristics. 
Summary of the invention 

Now the applicant has found that the use, as cross-linking agent, of a mixture 
20 comprising at least two p-hydroxyalkyi amides having a different p-hydroxyalkyl 
amide functionality in suitable molar ratios presents unexpected advantages in the 
production of polyester resin-based thermosetting powder paints, where the resins 
have free carboxyl groups. 

These cross-linking mixtures have in fact proved effective in favouring the 
25 expulsion of the water that forms in the course of the cross-linking process, and 
have not presented problems of incorporation and homogenization in the steps of 
processing and storage of powder paints, thus enabling paint films to be obtained 
that are free from surface flaws at thicknesses of over 130 ^m, and moreover 
have good mechanical characteristics and good characteristics of gloss, 
30 adherence and resistance to atmospheric agents. 

The subject of the present invention is therefore a cross-linking mixture for 
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polymers having free carboxy! groups which is suitable for the preparation of 

powder paints and comprises at least two compounds having p-hydroxyalkyl 

amide groups, characterized in that it has a mean p-hydroxyalkyl amide 

functionality of between 2.1 and 3.9. 
5 The powder paint containing the said cross-linking mixture and the process for its 

preparation constitute further subjects of the present invention. 

The characteristics and advantages of the |3-hydroxyalkyl amide mixtures as 

cross-linking agents according to the present invention will be illustrated in detail 

in the ensuing description, 
io Brief description of the figures 

Figure 1: IR spectrum of the A/,A/-(2-hydroxyethyl)-4-f-butyibenzamide obtained as 

described in Example 1 . 

Figure 2: Viscosimetric curves for the powder paints of Example 3 (curve a) and 
the paints of the comparison Example 4 (curve b), obtained by plotting on the 
15 graph the viscosity measured during hardening of the paint as a function of time 
as in Example 11. 

Figure 3 : Viscosimetric curves for the powder paints of Example 5 (curve c) and 
the paints of the comparison Example 6 (curve d), obtained by plotting on the 
graph the viscosity measured during hardening of the paint as a function of time 
20 as in Example 1 1 . 

Figure 4: Paint ageing, obtained by plotting on the graph gloss retention as a 
function of the time of exposure of the paint to the test according to the ASTM G 
53-84 standards, as in Example 12. 

— X — indicates the curve obtained for the paint of Example 3 when the 
25 angle of incidence of light is 60° 

— indicates the curve obtained for the paint of Example 4 (comparison) when 
the angle of incidence of light is 60° 

— 0 — indicates the curve obtained for the paint of Example 3 when the angle of 
incidence of light is 20° 
30 — A- - indicates the curve obtained for the paint of Example 4 (comparison) 
when the angle of incidence of light is 20° 
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Figure 5 : Paint ageing curves, obtained by plotting on the graph the percentage 
of gloss retention of as a function of the time of exposure of the paint to the test 
according to the ASTM G 53-84 standards, as in Example 12. 

— indicates the curve obtained for the paint of Example 5 when the 
5 angle of incidence of light is 60"" 

— □— indicates the curve obtained for the paint of Example 6 (comparison) when 
the angle of incidence of light is 60° 

--A-- indicates the curve obtained for the paint of Example 5 when the 
angle of incidence of light is 20'' 
10 — .0— indicates the curve obtained for the paint of Example 6 (comparison) when 
the angle of incidence of light is 20"* 
Detailed description of the invention 

By p-hydroxyaikyl amide functionality in the present invention is meant the number 
of p-hydroxyalkyl amide groups per molecule of cross-linking agent, whilst the 
15 mean number of p-hydroxyalkyi amide groups of the cross-linking mixture is 
defined as mean p-hydroxyalkyi amide functionality. 

By critical thickness of the film in the present invention is meant the maximum 
thickness of the paint film that may be obtained without surface flaws being 
formed, such as bubbles, craters or pinholes. 
20 The cross-linking mixture that is the subject of the present invention comprises at 
least two compounds having p-hydroxyalkyl amide groups, and is characterized in 
that it has a mean p-hydroxyaikyi amide functionality of between 2.1 and 3.9, 
preferably of between 2.2 and 3.8. 

This cross-linking mixture preferably comprises at least one compound having a p- 
25 hydroxyalkyi amide functionality of four and at least one compound having a p- 
hydroxyalkyl amide functionality of two. 

Among the compounds with a functionality of four, the p-hydroxyalkyl amide of 
adipic acid, or W,/V,A/',/V-fefra/c/s-(2-hydroxyethyI) adipamide, of formula (1) given 
below, is particulariy suited for the implementation of the present invention: 

30 
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■(I) 



Suitable compounds with a p-hydroxyalkyi amide functionality of two are the 
compounds of formula (II) 




where R is a linear or branched C^-C^o alkyi group. 

The substituent R may be in the ortho-, metha- or para- position with respect to 
the carbonyl, and preferably is in the para- position. 
10 According to a preferred embodiment of the present invention, the compound with 
a p-hydroxyalkyi amide functionality of two is defined by formula (II) given above, 
in which R is a branched alkyI group, and more preferably R is chosen In the 
group consisting of f-butyl, /-propyl and pentyl. 

Particularly preferred for the embodiment of the present invention is the compound 
15 of formula (11) in which the substituent R is f-butyl and is found in the para- position 
with respect to the carbonyl. 

The compound of formula (II) in which the substituent R is t-butyl in the para- 
position with respect to the carbonyl represents a further subject of the present 
invention. 

20 These compounds are characterized by low solubility in water and a low polarity 
that makes them more compatible with the polyester resin, and do not release any 
odours or harmful substances when hot-mixed with the polyester resin. These 
compounds of formula (II), either by themselves or mixed with the compound of 
formula (I), are hence particularty suited for the preparation of powder paints 



wo 00/55266 



8 



PCT/EPOO/00902 



having a base of carboxylated polyester resins. 

The present p-hydroxyalkyl amide compounds of formula (II) can be prepared by 
reaction of the corresponding alkylbenzoic acid or of one of its derivatives, for 
example the chloride or the ester of the acid, with diethanolamine. 
5 This reaction is conducted in an organic solvent, for example in toluene, at 
temperatures of between 10 and 40^*0. The purification of the end product is 
carried out via one or more washings with water. 

The mixtures of p-hydroxyalkyi amides that form the subject of the present 
invention are suited for use as cross-linking agents for polymers with free carboxyl 
10 groups, and more in particular for carboxylated polyester resins, for example 
polyester resins having a numeric mean molecular weight of between 1000 
and 6000, preferably of between 2000 and 3500. 

Polymers suitable for the purpose of the present invention have an acid number of 
between 15 and 100 mg of KOH per g of resin, preferably of between 25 and 50 
15 mg of KOH per g of resin, and a glass transition temperature of between 35 and 
90X, preferably of between 50 and 70*^0. 

The polyesters used for the preparation of the powder paints according to the 
present invention may be prepared with the usual technique of polymerization by 
potycondensation of aromatic or aliphatic polyfunctional carboxylic acids, or of 

20 their derivatives, with glycols or polyglycols, in a ratio such that the resulting 
polyester is prevalently terminated by carboxylic acid groups. 
Examples of potycarboxyiic acids suitable for the preparation of the said polyester 
resins are aromatic acids, such as terephthalic acid, isophthalic acid, phthalic acid, 
and 1 ,2,4-benzenetricarboxylic acid, and aliphatic acids, such as succinic acid, 

25 adipic acid, tetrahydrophthalic acid, hexahydrophthalic acid, maleic acid, fumaric 
acid, and cyclohexanedicarboxylic acid. 

Examples of polyfunctional alcohols suitable for the preparation of the present 
polyester resins are mono- and polyethylene glycols, mono- and polypropylene 
glycols, neopentyl glycol, 2-methyl-1 ,3-propylene glycol, hydroxypivalyl 
30 hydroxypivalate, 2-butyl-2-ethyl-1 ,3-propylene glycol, cyclohexanedimethanol, 1 ,4- 
butanediol, 1,3-butanedio!, 1,2-butanediol, 1 ,2-hexanediol and 1 ,6-hexanediol, 
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glycerol, trimethylolpropane, trimethylolethane and penta-erythritol. 

Polyesters suitable for the implementation of the present invention are, for 

example, the commercial products Sirales PE 178® and Sirales PE 278®, 

The resin Sirales PE 178® has the following characteristics : 
5 acid number: 35 mg of KOH per g of resin 

hydroxy! number: 5 mg of KOH per g of resin 

viscosity at 200°C (ICI cone/plate): 4250 mPa-s 

glass transition temperature : 66, 5^*0* 

The resin Sirales PE 278® has the following characteristics: 
10 acid number: 35 mg of KOH per g of resin 

hydroxyl number: 10 mg of KOH per g of resin 

viscosity at 200''C (ICI cone/plate) : 5500 mPa-s 

glass transition temperature Tg : 62.2°C. 

The composition of the present powder paints is such that the moiar ratio between 
15 the total hydroxyls of the p-hydroxyalkylamide compounds of the cross-linking 
mixture and the carboxyi groups of the polyester resin is between 2:3 and 3:2. 
The process of preparation of the powder paint according to the present Invention 
comprises the following steps: 

i) mixing of the polyester binder with the cross-linking agent, and optionally with 
20 suitable additives, in a mixer; 

ii) hot-feeding of the mixture obtained in step i) into a single- or double-screw 
extruder, preferably at a temperature of between 80 and 140*^0, with the extruder 
screw not heated and screw speed lower than 120 rpm; 

iii) grinding and sieving of the melted product obtained from the extruder in the 
25 previous step so as to obtain powder paint with a particle size of less than 150 

)im, preferably of less than 100 fim. 

The p-hydroxyalkyiamide cross-linking agents may be intimately pre-mixed 
together and added in step i) as a mixture, or may be added in step i) separately. 
The bifunctional cross-linking agent of formula (11) according to the present 
30 invention possesses low solubility in water and a lower polarity than does the 
tetrafunctional p-hydroxyalkyi amide of formula (I), and this bestows on it better 
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affinity for the carboxytated polyester resins with low polarity used for the 
preparation of the powder paint, thus also rendering less problematical the mixing 
in the extruder of the paint components. 

In other words, in the implementation of the present invention it is not necessary to 
5 adopt extreme extrusion conditions and to supply high mechanical energy in order 
to make the polyester resins compatible with the cross-linking mixture so as to 
obtain a good spread of the paint film, and indeed good results are obtained also 
with the extrusion screw not heated and with screw speeds lower than 60 rpm. 
The applicant has moreover surprisingly found that the use of the said bifunctional 
10 P"hydroxyalkyl amides of formula (II) in combination with tetrafunctional p- 
hydroxyalkyl amides of formula (!) as cross-linking agents in the preparation of 
powder paints favours the removal of the reaction water, thus reducing the 
formation of surface flaws, i.e., thus making it possible to increase the film 
thickness at which these flaws appear to over 130 pm as against the 80-90 pm of 
15 the paints of the prior art which contain only the tetrafunctional cross-linking agent, 
even when the operation is carried out with a quantity of 0.2% of benzoin 
degassing additive. 

In addition to having a high critical thickness, the powder paints obtained with the 
present cross-linking mixture present good mechanical characteristics and good 

20 characteristics of gloss and adherence. 

The powder paint compositions comprising the p-hydroxyalkyl amide mixture 
according to the present invention as cross-linking agent are suitable for painting 
items made of the widest variety of materials. In addition, since they present a 
considerable resistance to atmospheric agents, these paints are particulariy suited 

25 for use in painting outdoor items and structures. 

Besides the polyester binder and the cross-linking mixture, the present powder 
paints may also contain the additives commonly used in this field, such as mineral 
charges, pigments, spreading agents and degassing agents. 
The above-mentioned characteristics of the present powder paints have been 

30 evaluated by subjecting the paints to the usual aesthetic assessments and to the 
determinations of the mechanical characteristics according to the international 
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Standards applied in the sector of powder paints. 

The exannples that follow are given to provide a non-iimiting illustration of the 
present invention. 
EXAMPLE 1 

5 Preparation of /V,W-(2-hydroxyethyl)-4-f-butylben2amide of formula (II) in 
which R is 4-^butyl 

197 g (1 mo!) of 4-f-butylbenzoiG acid chloride are drip-fed in 3 hours in a 
suspension consisting of 231 g (2.2 nnol) of diethanolamine and 340 g of toluene, 
keeping up sustained stirring and operating at a tennperature lower than 20°C. At 

10 the end of this addition, the reaction mixture is left under stirring for a further 3 
hours at the same temperature, and then 200 g of water are added, still under 
stirring, until complete precipitation of the amide. The crystalline precipitate thus 
obtained is filtered; then it is washed with approximately 300 g of water until a 
neutral pH is achieved and so as to obtain a content of impurities consisting of 

15 diethanolamine hydrochloride and diethanolamine of less than 0.1%. 

The solid product thus obtained is vacuum-dried at 50-60''C. in this way, 246 g 
(0.93 mol) of A/,A/-(2-hydroxyethyl)-4-f-butylbenzamide are obtained (meiting point: 
89-90^C). 

Figure 1 shows the infrared spectrum of the A/,Af-(2-hydroxyethyl)-4-f- 
20 butylbenzamide (in Nujol) prepared as described above, recorded between 4000 
and 400 om'\ 
EXAMPLE 2 

Preparation of W,A/-(2-hydroxyethyl)-4-t-butylbenzamide of formula (II) in 
which R is 4-f-butyl 

25 192.2 g (1 mol) of methyl 4-f-butylbenzoate and 131 g (1.25 mol) of 
diethanolamine are suspended in 100 g of toluene; then 12,5 g of a 30% solution 
of sodium methylate in methanol are added. 

The product is allowed to react for approximately 30 hours under stirring at a 
temperature of 30-35*'C, from time to time creating vacuum in the apparatus to 
30 cause the methanol to evaporate. In this way, an abundant precipitate of amide is 
obtained, to which a further 100 g of toluene are added to improve stirring. Next, 
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the product is cooled down to 4-5''C, and the precipitate is filtered. On the 
precipitate, three washing are carried out, first with 100 g of toluene and then 
twice with a total of 400 g of water, until the content of impurities consisting of 
diethanolamine is brought below 0.1%. The solid product is vacuum-dried at 50- 
5 60°C to obtain 240 g of a crystalline solid which is found to be N,A^{2- 
hydroxyethyl)-4-f-butylbenzamjde (melting point: BS-S-QO-C). 
EXAMPLE 3 

Preparation of a powder paint comprising the mixture of cross-liniting 
agents according to the present invention 

10 The powder paint was prepared mixing, in a mixer, the raw materials listed In the 
table below: 





Parts by weight 


Carboxylated polyester resin Sirales PE 178® 


563 


Tetrafunctional cross-linking agent 


15 


Bifunctional cross-linking agent 


21 


Acrylic flow agent BYK 360/P® 


12 


Benzoin 


2 


Titanium dioxide Kronos 2310® 


400 



As tetrafunctional cross-linking agent, the NMN\N-tetrakiS'{2- hydroxyethyl) 
15 adipamide of formula (I) was used, whilst the bifunctional cross-linking agent was 

the A/,A/-(2-hydroxyethyl)-4-f-butylbenzamide of Example 1 . 

The mean functionality of the mixture of cross-linking agents was 2,7. 

The mixture thus obtained was fed into a single-screw BUSS PLK 46 extruder. 

The extrusion operating conditions were as follows: 
20 temperature of jacket: 120°C 

extruder screw: not heated 

speed of extruder screw: 110 rpm. 

After being cooled, the extrusion mass was ground and sifted so as to obtain a 
powder paint with particle size of less than 100 |jm. 
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EXAMPLE 4 (COMPARISON) 

Preparation of a powder paint containing tlie tetrafunctional [3*-hydroxyalkyi 
amide of formula (I) as cross-linking agent 

Operating as in Example 3, a powder paint was prepared having the following 
composition: 





Parts by 
weight 


Carboxylated polyester resin Sirales PE 178® 


570 


Tetrafunctional cross-linl<ing agent (1) 


30 


Acrylic flow agent BYK 360/P® 


12 


Benzoin 


2 


Titanium dioxide Kronos 2310® 


400 



The tetrafunctional cross-linking agent was the N^N^N^N-tetrakis-il- hydroxyethyl) 
adipamide of formula (I). 

The extrusion, grinding and sieving operations were carried out as described in 
the foregoing Example 3. 
EXAMPLE 5 

Preparation of a powder paint comprising the mixture of cross-linking 
agents according to the present invention 

The preparation of Example 3 was repeated in the same operating conditions, 

using a different carboxylated polyester resin. 

The composition of the powder paint is given in the table below: 
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Parts by weight 


Carboxyiated polyester resin Sirales PE 278® 


565 


Tetrafu notional cross-linking agent 


20 


Bifunctional cross-linking agent 


15 


Acrylic flow agent BYK 360/P® 


12 


Benzoin 


2 


Blanc fixe "F" 


100 


Titanium dioxide Kronos 2310® 


300 



As tetrafu notional cross-linking agent tlie A/,N,N',N-fefra/c/s-(2- hydroxyethyl) 
adipannide of formula (I) was used, whilst the bifunctional cross-linking agent was 
5 the A/,A/-(2-hydroxy)-4-f-butylbenzamide of Example 1 . 

The mean functionality of the mixture of cross-linking agents was 3.0. 

The extrusion, grinding and sieving operations were carried out as described in 

Example 3. 

EXAMPLE 6 (COMPARISON) 
10 Preparation of a powder paint containing the tetrafunctional p-hydroxyalkyi 
amide of formula (I) as cross-linking agent 

Operating as in Example 3, a powder paint was prepared having the following 
composition: 





Parts by weight 


Carboxyiated polyester resin Sirales PE 278® 


570 


Tetrafunctional cross-linking agent (1) 


30 


Acrylic flow agent BYK 360/P® 


12 


Benzoin 


2 


Blanc fixe "F" 


100 


Titanium dioxide Kronos 2310® 


300 



15 The tetrafunctional cross-linking agent was the N,N.N',N'-tetrakis-{2- hydroxyethyl) 
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adipamide of formula (1). 

The extrusion, grinding and sieving operations were carried out as described in 
Example 3. 
EXAMPLE 7 

5 Preparation of a powder paint comprising the mixture of cross-linking 
agents according to the present invention 

A powder paint having the same composition as the paint described in Example 3 
was prepared modifying the extrusion conditions. 
The operating conditions of the BUSS PLK 46 extruder were as follows: 
10 temperature of jacket: 1 20^*0 
extruder screw: not heated 
speed of extruder screw: 54 rpm. 

The grinding and sieving operations, instead, were carried out as described in 

Example 3. 
15 EXAMPLE 8 (COMPARISON) 

Preparation of a powder paint containing the tetrafunctional p- 

hydroxyalkylamide of formula (l) as cross-linking agent 

A powder paint having the same composition as that of the paint described in 

Example 4 was prepared modifying the extrusion conditions. 
20 The operating conditions of the BUSS PLK 46 extruder were as follows: 

temperature of jacket: 120*^0 

extruder screw: not heated 

speed of extruder screw: 54 rpm. 

The grinding and sieving operations were carried out as described in Example 3. 

25 EXAMPLE 9 

Application of the paints prepared as in Examples 3*8 on an Item 
The powder paints obtained as described in Examples 3-8 were applied on 
UNICHIM steel sheets having a thickness of 0.5 mm using a WAGNER Mod. EPM 
200 electrostatic pistol with corona-discharge loading, with electrical field voltage 

30 of 60 kV. Thermosetting was carried out by putting the painted steel sheets in an 
air-circulation oven at a temperature of 180**C for 20 minutes. 
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EXAMPLE 10 

Determination of the critical thilckness of the films obtained in Example 9 for 
the paints of Examples 3-6 

Operating as described in Example 9, four specimens were prepared having 
thicl<nesses of from 50 to 150 pm, one for each one of the paints prepared 
according to Examples from 3 to 6. Then, using a SHEEN thickness gauge, Mod. 
SE 1000 FNS, the various thicknesses of the films were measured in the areas 
free from surface flaws and in the areas where the phenomenon of blistering 
appeared. 

The results thus obtained are summarized in the table below, where for each film 
is indicated first the thickness of the areas free from flaws and then the thickness 
of the areas which presented flaws: 





Thickness (pm) 


Paint of Example 3 


140-150 


Paint of Example 4 (Comparison) 


80-90 


Paint of Example 5 


130-140 


Paint of Example 6 (Comparison) 


90-100 



EXAMPLE 1 1 

Determination of the variation in viscosity during thermosetting of the paints 
of Examples 3-6 

The variation in viscosity during thermosetting of the powder paints prepared as 
described in Examples from 3 to 6 was measured using a DYNAMIC STRESS 
RHEOMETER DSR viscometer manufactured by RHEOMETRICS, operating 
isothermally at 150"C with plate/plate disposition, in the "dynamic time sweep" 
mode with a stress of 500 Pa and a frequency of 1 Hz. 

The viscosity values thus measured for the paints of Examples 3 and 4 and for 
those of Examples 5 and 6 were plotted on a graph as a function of time, to obtain 
the viscosimetric curves shown in Figure 2 and Figure 3. 

Figure 2 shows the viscosimetric curves obtained for the paints of Examples 3 and 
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4. It may be noted that the paint of Exanfiple 3 comprising the mixture of cross- 
linking agents according to the present invention presents a level of viscosity 
which is considerably lower and which moreover Is maintained for a much longer 
time than in the case of the paint containing only the tetrafunctional thermosetting 

5 agent prepared as described in the comparison Example 4, where the known 
technique is applied. The longer plastic life of the present paint thus favours the 
removal of the reaction water also for deeper film thicknesses. 
The pattern of viscosity during thermosetting of the paints of Examples 5 and 6 is 
presented in Figure 3. The paint of Example 5, which has a base of the mixture of 

10 cross-linking agents according to the present invention, has a viscosity upon 
melting which is lower during the film-formation step and, more important still, a 
plastic life which is longer than that of the paint containing only the tetrafunctional 
cross-linking agent of the prior art, prepared according to Example 6. This favours 
the expulsion of the reaction water also when small quantities of benzoin 

15 degassing agent are used. 
EXAMPLE 12 

Evaluation of the resistance to atmosplieric agents of the paints of 
Examples 3-6 

Resistance to the so-called "weathering", i.e., to the action of atmospheric agents, 
20 was assessed for the paints prepared as described in Examples from 3 to 6 by 
means of an accelerated test according to the ASTM G 53-84 standards, 
operating with a QUV weatherometer manufactured by the firm Q-Panel. 
The powder paints, which had been applied on chrome-plated aluminium panels 
manufactured by Q-Panel and had been subjected to thermosetting for 15 minutes 
25 at 180°C, were exposed to UVB 313 lamps with cycles of 4 hours of light and 4 
hours of darkness with condensation. The temperatures recorded by the black 
panel were 60°C during the period of light and 50°C during the period of darkness 
with condensation. Ageing of the paints was assessed by measuring the loss of 
gloss during exposure over time, with an angle of incidence of light of 60°. The 
30 measurement was repeated with an angle of incidence of light of 20". For the 
evaluation of gloss, a SHEEN glossimeter Mod. 155 was used. 
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The graphs of Figures 4 and 5 give the values of percentage gloss retention, 
measured for angles of incidence of light of 60"^ and 20'', as a function of the 
exposure time expressed in hours, for the paints of Examples 3 and 4 and for 
those of Examples 5 and 6, respectively. 
5 The results obtained, given in Figures 4 and 5, show that the use in powder paints 
of the cross-linking mixture according to the present invention does not 
substantially modify the resistance to atmospheric agents of the paints as 
compared to paints containing the tetrafu notional cross-linking agent alone. 
EXAMPLE 13 

10 Evaluation of the mechanical and aesthetic characteristics of the paints of 
Examples 3«8 

The powder paints, which had been prepared as described in Examples from 3 to 
6 and had undergone thermosetting for 20 minutes at ISO'^C as described In 
Example 9, were subjected to the usual aesthetic evaluations and to 

15 determination of the mechanical characteristics according to international 
standards commonly applied in the sector of powder paints. 
In particular, the thickness of the paint film was measured using a SHEEN 
thickness gauge, Mod. SE 1000 FNS, whilst gloss, measured at an angle of 
incidence of light of eO"", was evaluated according to the ASTM D 523 standards, 

20 using a SHEEN Mod. 155 instrument. 

The white point was assessed according to the CI E LAB 76 standard, using a 
BYK Color View reflectance colorimeter. 

The "cupping tester", used for measuring cupping according to the DIN 53156 
standard was an Ericksen Mod. 229 instrument, whilst for the evaluation of front 
25 and reverse Gardner impact according to ASTM D2794 standards, an impact 
tester manufactured by BYK GARDNER was used. 

The results, tabulated below, show that the use of the cross-linking mixture does 
not alter the above properties as compared to the paints of the prior art containing 
the tetrafu notional cross-linking agent alone. 

30 
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dActinpio o 


Example 4 
(comparison) 


Example 5 


Example 6 
(comparison) 


Thicknp9<^ 
(Mm) 


fin 


DO 


65 


70 


fCIE LAB 76^ 


/ 1 


78 


79 


78 


Gloss at 60° 
(ASTM D 523) 


95 


96 


96 


93 




^ Q 


> 9 


> 9 


>9 


Front 
Gardner 
impact (N-m) 


> 10 


> 10 


> 10 


> 10 


Reverse 
Gardner 
impact (N-m) 


> 10 


> 10 


> 10 


> 10 



The paints of Examples 5 and 6. when subjected to mechanical and aesthetic 
characterization as in the case of Examples 3 and 4, did not reveal any 
differences when the mixture of thermosetting agents was used. 
The mechanical and aesthetic characteristics of the films prepared according to 
Example 9 for the paints of Examples 7 and 8 were assessed as described above, 
and the corresponding results are summarized in the table below. 
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Example 7 


Example 8 
(comparison) 


Thickness (pm) 


65 


60 


White point (CIE LAB 76) 


76 


78 


Gloss at 60° (ASTM D 523) 


94 


92 


Cupping (mm) 


>9 


>9 


Front Gardner impact (N-m) 


> 10 


4 


Reverse Gardner impact (N-m) 


> 10 


1 



These results show that the decrease in mechanical energy during the extrusion 
phase in the preparation of powder paint does not affect the mixing of the 
polyester resin with the cross-iinking mixture of the present invention, and indeed 
the spread of the paint of Example 7 remains practically unvaried as compared to 
that of the paints of Examples 3 and 5. 

On the contrary, use of low mechanical energy during extrusion results in poor 
mixing of the polyester resin with the tetrafunctional cross-linking agent of formula 
(1) in the paint of the known art prepared as described in Example 8, and this poor 
mixing causes a worsening of the mechanical characteristics. Also the aesthetic 
appearance of the paints of Example 8 is found to be poor as compared to that of 
the paints of Examples 3, 5 and 7, in that it presents the "orange peel" 
phenomenon to a large extent. 
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CLAIMS 

1 . A cross-linking mixture for polymers having free carboxyl groups, suitable for 
the preparation of powder paints, comprising at least two compounds having f>- 
hydroxyalkylamide groups, wherein said cross-linked mixture has a mean p- 
hydroxyaikytamide functionality of between 2.1 and 3.9. 

2. The cross-linking mixture according to Claim 1, wherein said mean p- 
hydroxyalkyiamide functionality ranges between 2.2 and 3.8. 

3. The cross-linking mixture according to Claims 1 and 2, wherein said mixture 
comprises at least one compound with a p-hydroxyalkylamide functionality of 4 
and at least one compound with a p-hydroxyalkylamide functionality of 2. 

4. The cross-linking mixture according to Claims 1-3, which comprises [N,N,N\N' 
fefraWs-(2-hydroxyethyi) adipamide] of formula (I) 



{CH2)4 





and a compound of formula (11) 




in which R is a linear or branched Cj-C^o ^'M group. 

5. The cross-linking mixture according to Claim 4, wherein in said compound of 
formula (11) R is selected from the group consisting of f-butyl, /-propyl and pentyl. 

6. The cross-linking mixture according to Claim 4, wherein in said compound of 
formula (II) R is a f-butyl group in the para- position with respect to the carbonyl, 

7. A thermosetting powder paint, which comprises the mixture according to Claims 
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2 1-6 as the cross-linking agent and at least one polymer having free carboxyl 

3 groups as the binder 

1 8. The thermosetting powder paint according to Claim 7, wherein said polymer 

2 having free carboxy groups is a carboxyiated polyester resin. 

1 9. The thermosetting powder paint according to Claim 8, wherein said 

2 carboxyiated polyester resin has a numeric mean molecular weight of between 

3 1000 and 6000, an acid number of between 15 and 100 mg of KOH/ g of resin, 

4 and a glass transition temperature of between 35 and QO'^C. 

1 10. The thermosetting powder paint according to Claim 9, wherein said 

2 carboxyiated polyester resin has a numeric mean molecular weight of between 

3 2000 and 3500, an acid number of between 25 and 50 mg of KOH/g of resin, and 

4 a glass transition temperature of between 50 and 70°C. 

1 11. The thermosetting powder paint according to Claim 7, wherein the molar ratio 

2 between the total hydroxyl groups of the [5-hydroxyalkylamide compounds of the 

3 said cross-linking mixture and the carboxyi groups of the said polymer is between 

4 2:3 and 3:2. 

1 12, A process for the preparation of the powder paint according to Claims 7-11, 

2 which comprises the following steps: 

3 i) mixing the binder with the cross-linking agents, and optionally with mineral 

4 charges, additives and pigments, in a mixer; 

5 ii) feeding the mixture obtained in step i) into an extruder, at temperatures of 

6 between 80 and 140''C, with the extruder screw not heated and screw speed 

7 lower than 120 rpm; 

8 iii) grinding and sieving the melted product obtained from the extruder so as to 

9 obtain powder paint with a particle size of less than 150 fxm, 

1 13, The process according to Claim 12, wherein in step ii) the said speed of the 

2 extruder screw is lower than 60 rpm. 

1 14. The process according to Claim 12, wherein said cross-linking agents are 

2 intimately pre-mixed together and added in step i) as a mixture. 

1 15. The process according to Claim 12, wherein the particle size of the paint 

2 obtained in step iii) is smaller than 100 jim. 
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1 16. Use of the cross-linking mixture according to Claims 1-6 for the preparation of 

2 thermosetting powder paints. 

1 17. Use of the compound of formula (II) according to Claims 4-6 as cross-linking 

2 agent in the preparation of thermosetting powder paints. 

1 1 8. A substrate coated with the powder paint according to claims 7-1 1 . 

1 19. Compound according to formula (II) 

2 



4 in which the substituent R is t-butyl in the para-position with respect to the 

5 carbonyl. 




o 



(II) 
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27,434), Eugene Moroz (Reg. No. 25,237) , John F, Sweeney (Reg. No. 27.471V Arnold I. Rady (Reg, No. 

. ^6,601), Christopher A. Hughes (Reg. No. 26.9141 William S. Feiler (Rep. No. 26 778;^ Joseph A. 
Calvaruso (Reg. Nq. 28.2871James W. Gould (Reg. No. 28.8591 Richard C. Komson ( Reg. No. 27.9131 
Israel Blum (Reg. Nq. 26,71 ()), Bartholomew Verdirame (Reg. No. 28.4831 ^Maria C.H. Lin (Reg. No. 

,29323), Joseph A. DeGirolamo (Re g. No. 28j5^5 1.Miohpie1 P. Dougherty r Reg No ^7 7^0) Seth J. 
Atlas /Reg. No. 32,4M)., Andrew M. Riddles (Reg. No. 31.657;^ Bruce D. DeRenzi (£,^gJ^D,3X62ai 
Mark J. Abate (Reg. No. 32.527,}. John T. Gallagher (Keg No 35,516), Steven F. Meyer (Reg. No. 
35M^^nd Kenneth H. Sonnenfeld (EegJ;Ja32,2S5)^Tony V. Pezzano (R gjs^No. 38.2711 Andrea L. 
Wayda (Reg. 43,979), Walter G. Hanchuk (Reg. No. 35.1/ 91 John W. Osborne (Reg. No. 36.231). and 
Robert K. Goethals ( Reg. No. 36.8 13| of Morgan & Finnegan, L.L.P. whose address is: 345 Park Avenue, 
New York, New York, 10154; and Michael S. Marcus (Reg. No. 3L777\ John E. Hoel (Reg, No. 

26JJ2XMnd Stanley B. Cireen CE.Qg., No, 24,35 1 ) pf Morgan & Finnegan, L.L.P., whose address is 1775 
Eye Street, Suite 400, Washington, D.C. 20006. 



□ I hereby authorize the U.S. attorneys and/or agents named hereinabove to accept and follow 
instructions from as to any action to be taken in the U.S. Patent and Trademark Office 

regarding this application without direct communication between the U.S. attorneys and/or agents 
and me. In the event of a change in the person(s) from whom instructions may be taken I will so 
notify the U.S. attorneys and/or agents named hereinabove. 




Full name of sole or first inventor: Pietro Paolo RO S SI 
Inventor's signature* 




Sept, 3, 2001 



Residence: Asilo, l - 27026 GARLASCQ (PAVIA) IT 



Date 



Citizenship: 



ITALIAN 



Post Office Address: 



as above 



^;J^^ull name of second 
Inventor's signature* 



inventor: 



Qino MARELLI 

' i: idnn Mb 




Sept, 3, 2001 



Residence: Cascina AvalleJ 11 - 22031 ALBAVILLA (COMO) IT 

, . ITALIAN ^ ^-7^ 
Citizenship: ^ 

Post Office Address: as above 



Date 
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name of third inventor ; 
Inventor's signature* _ 




Albe rto BALDIN 




Sept. 3, 2001 



Residence: Gascina S. Uliana - 27026 GARLASCO (PAVIA) IT 
Citizenship: ITALIAN^ ^ 
Post Office Address: above 



Date 



Full name of fourth inventor: 
Inventor's signature* 

Residence: 

Citizenship: 

Post Office Address: 



Full name of fifth inventor: 
Inventor's signature* _ 



Residence: 

Citizenship: 

Post Office Address: 



Date 



Date 



Full name of sixth inventor: 
Inventor's signature* 

Residence: 

Citizenship: 

Post Office Address: 



Full name of seventh inventor: 
Inventor's signature* 

Residence: 

Citizenship: 

Post Office Address: 



Date 



Date 
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